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The HPRT Short-Term Assay in Monitoring
Individuals Exposed to Genotoxic Agents

by R. Montero, M. E. Gonsebatt, L. A. Herrera,
E. Rojas, and P. Ostrosky-Wegman

This paper reviews several monitoring studies where the short-term HPRT assay has been applied. The
original method uses antoradiography to detect “H-thymidine incorporation in variant cells that have
undergone DNA synthesis; the bromedeoxyuridine modification employs this thymidine analog and fluores-
cence plus Giemsa staining. The studies discussed here were accomplished with either of these methods.
methods, Exposures analyzed include radiation and chemotherapy as medical treatments and accidental
exposures to radiation; these studies have been useful in the validation of the assay because radiation and
anticancer drugs are well-known mutagens, Other potential mutagens such as environmental arsenic and a
parasitic infection and praziquantel, used for its treat ment, have also been monitored for Aprt locus mutation,
An overview of the results obtained with different agents and routes of exposure is presented here as well as
some methodological aspects for the optimization of the assay for monitoring studies.

Introduction

The HPRT T-lymphocytes assay is the most widely used
gene mutation assay for human monitoring studies (7). The
long-term cloning assay measures the frequency of
thioguanine-resistant (TG") T-lymphocytes and simul-
taneously allows the recovery and further analysis of
individual clones to measure the mutation frequency (MF).
The exact nature of the Apri mutation can be defined by
Southern blotting and DNA sequencing (1).

The short-term assay can be done either by auto-
radiography to detect tritiated thymidine (*H-Tdr) incor-
poration in cells that have undergone DNA synthesis (2) or
by the bromodeoxyuridine (BrdUrd) modification, which
uges this thymidine analeg and fluorescence plus Giemsa
(F'PG) staining (3). These shori-term assays have been
proposed as usetul for population monitoring because they
are relatively inexpensive, simple, and available to any
eytogenetic laboratory.

The HPRT Short-Term Assay

Detailed methods have been described elsewhere (2,3).
Briefly, peripheral blood lymphocytes separated by Ficoll-
Hypague centrifugation are eryopreserved at —70°C in
RPMI 1640 medium with 10% antologous plasma and 7.6%
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dimethy! sulfoxide at a cellular density of 107 cell/mL. The
cultores for thioguanine (TG) selection are set up after
thawing the cells at a density of 5 x 10° celis/mL in
RPMI-1640 with 20% autologous plasma, stimulated with
phytohemagglutinin and incubated at 37°C for 24 hr.
Twenty microliters of *H-Tdr (6.7 Ci/mmole) or 200 pL of
BrdUrd (4 x 10~* M final concentration) are added for
the last 16 hr of culture. Incubation is ended with 0.1 M
citric acid, and cultures are fixed with methanol:acetic acid
(7:1.5).

Slides for microscopic evaluation are prepared and pro-
cessed for autoradiography or are stained by the FPG
method. The labeling index (LL1_) of control preparations is
calculated as follows: LI, = no. of labeled nuclei/5000
evaluated nuclei. In the TG culture preparations, LI, = no.
of labeled nuclei (variants)/total number of nuclei
recovered from TG cultures. The variant frequency (VF)
index is then calculated as LI, /LI

Quantitative Measurements of Variant
Frequency in Human Somatic Celis

The backgrounds for normal adults determined by the
autoradiographic or the BrdUrd assay, using eryopre-
served cells, are listed in Table 1. These studies, whether
using *H-Tdr or BrdUrd, show similar mean VF values
(5.9 ¥ 1075 and 4.82 x 10~ respectively). These values
are comparable to the mean MF found in studies where the
cloning assay was used (5.25 x 10~ %). Values reported by
several authors (1,8,5,8) show differences, and a distribu-
tion of variant frequencies has been found. Considering all
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Tabie 1. Variant frequencies (*H-Tdr and BrdUrd methods): controls.

Mean frequency Range

Bxposure Type of assay No. of samples (% 107% + 8D (% 107%) Reference
Control “H-Tdr 18 712 + 716 0.50-22.3 (3
Control AH-Tdr 82 870 + 6.10 1.00-28.9 (1)
Control *H-Tdr 8 1.92 + 0.85 0.68- 3.24 ()

Total average = 5.9
Control BrdUrd 2 431 + 168 N
Control BrdUrd 5 6.35 + 1.563 4.20- 840 {8)
Control BrdUrd 15 315 + 4.28 0.62-14.13 This paper

Total average = 4.82

Cloning 252 5.25 ar

“Caleunlated from Table 1 from Albertini et al. (1).

the studies together, the range of values is from (.0 to 289 x 1075, In each study, different means have been found, thus there is also a range of mean

values from 1.92 x 107" to 8.7 x 107",

Significant increases of VI's have been reported in
cancer patients treated with chemotherapy or radio-
therapy (4-6) or in individuals exposed in radiation aecei-
dents (Tahle 2} {7,§). These studies have heen useful in
validating the assay. With respect to radiation, as with
other end points, data obtained on the VI® values show a
clear-cut effect in the case of accidental exposures (7,8).
Patients receiving localized and fractionated radiotherapy
(4 also showed clear increases of VF, but smaller
increases than in the case of accidental exposure. The
range of data found in this study is 0.0-278 x 1079 The
highest value corresponds to those in the range found for
healthy controls in cther studies (Table 1), but since this
was a longitudinal study started before treatment and
followed every month, differences in VI could clearly be
ohserved because each individual served as his or her own
control.

In a study on patients receiving chemotherapy and/or
radiotherapy, a clear increase in the range of VFs was
found: from 0 to 135 x 107% in comparison to controls,
which showed a range of 0-16.5 x 107 % Some of the
treated patients had a VF value greater than the highest
value of controls, as expected since these drugs and radia-
tion are well-known mutagens and their effect should be
clearly detected; nevertheless, a high percentage of the

individuals exposed showed VF values in the control runge
(more than 50%).

In the case of exposure to a single chemical, the well-
known cytostatic drug cyclophosphamide has been stud-
ied in a group of workers involved in its production and in
patients under treatment for multiple sclerosis (5,9). In the
first case, a elear increase in VF was found in the exposed
workers (data are not included due to noneomparable VF
values because cells were not eryopreserved). In the study
of multiple sclerosis patients, five showed a clear increase
in VF after 14 days of treatment, and only one did not show
an increase (probably due to trimethoprim treatment).

Chronie exposure to arseniec in drinking water did not
show an effect on the variation frequency of ip+t locus (1G).
In general, VF in the exposed group were higher than
those found in the low-exposure group (mean *+ SD: 5.03
X 1078 £ 29,248 x 107% = 2.2 respectively), but all the
values are in the range found for the control, unexposed
group (from 0.52 x 10~ 9101413 x 107 °) (Fig. 1, Table 1
and 2). Statistically, no significant difference was found
among any of these groups.

Mean variant frequencies among neurocysticercotic
patients, exposed to several mutagenic treatments (anti-
convulsants, computerized axial tomography, anestheties,
antibioties, and anti-inflammatory drugs) show signifi-

Table 2. Variant frequencies (*H-Tdr and BrdUrd metheds): exposed individuals,

Mean frequency

Exposore Type of assay No. of samples {x 107%) = 8D Range Reference
Radiation accident

Cobalt-G) JH-Tdr 2 1220 = 59 186 -1262 (11)

Cesium-137 BrdUrd 4 194.0 = 1470 36.0 1300 &)
Caneer patients

Pretreatment 3H-Tdr 10 30= 17 00 - 61 {4)

Radiotherapy 3H-Tdr g 126 + 87 25 — 238 (43
Chemotherapy plus radiotherapy 3H-Tdr 35 24.00° 0.0 -1350 (7}
Multiple sclerosis (MS)

Pretreatment 3H-Tar i3 407 = 31 0.33- 99 5

MS + eyelophosphamide 3H-Tar 4 3253 = 1397 11.6 — 40.3 (63]
Low As BrdUrd 7 248 = 2.19% 0.68- 6.36 un
High As BrdUrd 7 503 = 299 166- 9.65 (113
Neurologieal patients BrdUrd 6 949 = 625 3.33- 20.79 This paper
Neurocysticeroetic (NC) patients” BrdUrd 22 14.48 = 24.89 1.46-101.01 This paper
NC + praziguantel BraUrd 12 1765 = 2710 3.03-102.51 This paper

"Deviation could not be determined from the original paper.

hese patients were exposed to several mutagenic agents before praziquante! treatment.
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Figurr 1. Cumulative variant frequencies (VF) found in individuals
exposed to different agents, Controls are found among the lowest values
in the seale; exposed persons distribute widely.

cantly increased VI values in relation to healthy controls:
14.48 x 10~ %and 3.15 x 10~ 9, respectively (Fig. 1, Tables 1
and 2). These patients did not statistically differ from an
appropriate eontrol group, which eonsisted of neurological
patients exposed to the same mutagenie treatments, but
who were not infected.

Seven of the 22 patients could be studied hefore and
after praziquantel treatment; 4 had a lower VI after
treatment, 2 did not show any significant difference, and 1
increased. Mean value before treatment was 28.78 x 10~%
and after treatment was 224 x 10~ % these values are
different from controls, but there is no significant dif-
ference between them (Fig. 2).

Some Methodological Aspecis of
Monitoring Studies

An appropriate study design is fundamental. For example,
in the case of the radiotherapy study of Ammenheuser et
al. (4), effects could be observed because sampling was
performed before, during, and after treatment, allowing
the observation of a dose-related response due to the
cumulative effect characteristic of radiation. When study-
ing chemieals, this type of design is difficult to accomplish;
in the best of the cases, patients are sampled only before
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" Fraure 2. Variant frequency values in seven neurocysticercotic patients

before and after praziquantel treatment.
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and after treatment, or a control group is compared to an
exposed group. When these protocols are used, overlap-
ping ranges are usually found, so that most of the exposed
individuals eannot be distinguished from normals.

Sampling time is another factor discussed hy Ammen-
heuser et al. (4,4} when studying individuals exposed to
medical treatments. At least 15 days would be necessary
for the mutations produced by exposure to be manifested
in cells, and once treatments ended, there would be a
period during which mutation frequency increases could
be detected hefore the mutant cells are eliminated from the
body by homeostatic mechanisms, as suggested from their
studies (4,5).

But generalizations cannot be made because there are
exposures that apparently produce more persistent
damage as was observed with radiation accidents where
samples were taken 17 months (7) and 24 months (8) after
the accident and still showed high VF values.

Interpretation of Results

Interpretation of effects is not an easy task due to the
variations in control values from healthy subjects, as
already stated. Controls generally are grouped around the
smallest values and when there is an exposure, these
values become less frequent. It has been proposed that
human population monitoring for mutagenicity is con-
cerned with group means, and in identifying individual
values that are above the range for normals ({), Nonethe-
less, variahility raises several questions about the range to
be considered normal, and if means could be used to
compare different groups, and which values should bhe
considered positive due to exposure. Should a small shift in
the distribution of values of exposed people be interpreted
as a risk for health, or should we expect no overlapping to
consider positive an effect? It should be borne in mind that
it has not been established which amount and what kind of
damage is hazardous for health.

Although there is an overlap of VF ranges between
controls and exposed groups, the way they distribute is
different, i.e., more elevated VFs are found in more indi-
viduals so that distributions are shifted toward higher
mean values (Fig. 1) when there is an exposure. It is
interesting to peint out that the “outliers” with excep-
tionally high VFs may represent more susceptible indi-
viduals. This suseceptibility could be due to pharmaco-
genetic differences (11,12) and should be investigated fur-
ther. In trying to identify risk groups, we often forget that
individuals are the ones who suffer cancer and reproduc-
tive damage; the obvious question is if outliers are the
individuals prone to genetic health effects.

The need for studies of larger groups should he
stressed, but this can only be achieved by speeding up
mieroscopie analysis, which is time consuming. Computer
image analysis or cytofluorametry are viable solutions,
and in this respect it has recently been applied an immu-
nohistochemical antibromodeoxyuridine staining for
determination of 6-TG" T-lymphocytes, which has the
potential for automation (73).
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